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LIGHT FMTTT^nfQDF. VVTTT^TP^^n FFFT rT FMg 

The present invention relates to novel light emitting diodes (hereinafter LEDs) 
components and uses thereof, to a process for the production thereof and a 
method for light emission. More particularly the present invention relates to 
novel organic LEDs adapted for unproved efficiency light emission, and 
provides a way of controlling the polarisation and spectrum of the emitted light. 
It relates to uses of such devices in light-emitting displays including LCDs 
(Liquid Crystal Displays) and the like, to a process for the productionrtiereof 
and a method for light emission. 

The invention has applications in light-emitting displays, such as for 
calculators, clocks, mobile phones, computers, information display and 
elsewhere. It may be used in a display in which a pattern of LEDs is employed 
or alternatively as a backlight for an LCD. Many further applications will be 
apparent to the reader familiar with LED technology and include use as an 
electroluminescent screen, as a light source, lit control button and the like. 

Light emission from materials can occur as a result of optical or electrical 
stimuli. The former process is known as photoluminescence and the latter 
process is known as electroluminescence. Both processes are well known in a 
wide range of semiconductors. Electroluminescence occurs in LEDs. 

LEDs are semiconducting electronic devices in which the injection of negative 
and positive charges (known in the art as electrons and holes respectively) 
leads to the emission of light from the device. The light-emitting material may 
be organic or inorganic. 

An LED may consist of several layers or regions adapted for charge injection, 
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charge transpon. and ligh.-emissu^Each layer or regton may be an organic 

or inorganic material. 

Semiconducting inorganic LEDs are known. employing inorganic 
semiconducting materials for al! the above charge transporting and l.ghi- 
eminin. purposes. Ligr,t-emiss,on occurs at a junction between p-type and n- 
tvpe doped semiconducting regions. Inorganic semiconductors are generally 
c'rvstalli'ne materials w,,h complicated (but wen-established) manufacturing 
procedures. Gallium compounds and alloys are commonly used. 

An organic light emitting d.ode (LED) consists ot one or more organic layers 
adapted for charge transport and/or „ g ht-e m ,ss,on sandwiched between two 
charge injecting electrodes, of which one i» usually transparent. 

s Both polvmers and small conjugated organic molecules are suitable as 
constituent lavers for organic LEDs. Examples of suitable polymers include 
polvl.-phenylenev.nyiene) (PPV) and derivatives such as polyU-methoxy. o- 
,,ethv,-hexvloxv)-1.4-phenylene v.nylene] (MEH-PPV). polygene and 
p o.v P ;.rid.ne. Examples of suitable small organic molecules include metal 
„ chelates such as alum.ntum msouinolate <Alq3>. The work functions o, the 
electrodes are adapted for the .nject.on of charge tnto the organic ^ers 
Materials with relatively high work function such as indium tin ox.de (ITO) or 
gold are suitable for hole injection, and ITO ,s parttcu.ar.y convenient because 
of tts transparency. Matenals with low work function are commonly selected 
25 for electron injection, such as aluminium, calcum. Itanium, magnesium, alloys 
and admixtures thereof. 

A simple organic LED can be made by spin-coating a polymer such as MEH- 
PPV onto an ITO-coated substrate followed by evaporation of a top meta, 
3„ contact. It ,s also known that organic layers can he deposited successfu.lv by 
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printing. 



The operation of an LED involves many steps: charge injection, charge 
transport, recombination of opposite charges. light emission, and lieht escape 
from the dev.ce. The efficiency of an LED (which can be defined as the 
number of photons emitted divided by the number of charts passin g through 
the device) depends on the fraction of injected charges which recombme with 
an opposite charge, the fraction of resulting recombination processes which 
generate light, and the fraction of the light generated in the device which 
escapes from the device. 

In general, the light emitted from LEDs ,s unpolled. However, for some 
applications, notably backlighting of LCDs, a source of polarised light is 
desirable. 



ive 



A serious problem with LEDs is the trapping of light emitted by the emiss 
layer in waveguide modes within the substrate. This may reduce the overall 
external device efficiency dramatically. For example in the case of organic 
LEDs it has been proposed that only a fraction l/2 n 2 0 f the light generated 
inside the LED escapes from it, where n is the refractive index of the organic 
layer (Angular Dependence of the Emission from Conjugated Polymer Light- 
emitting Diode: Implications for Efficiency Calculations, N.C. Greenham. Adv. 
Mat. 1994. 6. No 6 ). 

Taking a refractive index of 2 (typical of a conjugated polymer such as PPV) 
would imply that seven eighths of the light generated inside the device is 
trapped there, and only one eighth escapes. In inorganic semiconductors the 
same considerations apply and refractive indices are higher (a typical value is 
3.5). It has been estimated that only 3% of the light generated in a planar LED 
will escape (see for example D. Wood, Optoelectronic Semiconductor Devices, 
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Pr ent,ce HaU. Heme. Her.ps.ead' 1994. page 86) 

The present ,nve nt ,on P rov,des a novel way of .mo.ov.ng LED performance by 
mcr eas,ng and coding .he Ugh. coupling ou. of .he device. 

■ ^ ..nrpms the adaptation of LEDs 
It „ , mp or.an. .o appreca.e .h, .he ^ of lhe 

for proved efficiency Ugh. — ^ " J ' 

polansauon and sp ec,.m of .he , ^ EC * ^ ^ 

e m ,s,n of ra d t,,n . ,n ^ ^ ^ 

much simpier , cheaper and m0 re 
waveleng* operanon. LEDs . ^ 

robust .han lasers, and any adaptation o, LEDs 
therefore be similarly s.mple. cheap and robus.. 
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Eml ss,ve s P ec,es embedded ,n .he em.ss.ve ^ ^ ~ ^ 
m e,r energy in- .he avai.able .odes of .he «' ^ 
radia t,ve modes, .he ones .ha. produce usefu! ^ ^ 
including waveguide modes and surrace plasmon pel - m 

energy via non-radiative decay, for example 



phonons. 
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^racierised bv their frequency and in-plane 

- — mo :;;:™Ic.or; ^ ^ *«« 

wav evec.o, Modes having .n-p.a e ^ ^ for 

of th e sa m e fluency may escape .he LE ^ 

the useful radiation from planar ^ modes are lh us .rapped 

not able .o rad,a.e in.o free space. *«« ^ The5e latter 

(wa vegutded) in .he layers .hat compr.se .he LED 

tr^ped modes may carry the ma3or,.y of .he energy. 
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Vancus attempts have been made to ra.se externa, de vice efficiencv b v macr0 . 

ft SUrfa " by WhKh "- Sh[ — «'» —ple US 3 
o9 2. , and US 4 080 USl Random roughentng of surfaces ^ stown 

-ease ,,, h[ output ,R. Windisch et ... App „ ed ^ ^ ^ 



Other methods of raising efficiencv are rh P n ■ • 

" C - are the P rov »sion or internal channels 

and,or m,crocav,t,es (US 4. 856 0,4, Control of photolummescence em.ssion 
Torn a conjugated polymer us.ng an op[lmised ^ 
L.dzey et al. Chemical Physics Letter 263 (1996) 655-660). 

Howeve, there s tlll exists a need to improve the efficiencv of ,i 2n t em.ss.on of 
an LED. Furthermore, none of the above approaches gives anv control over the 

polarisation of the emitted light We havp ™«- - • • , - 

e e na%e noxv ^urpnsmglv round that it is 

possible to provide a semiconducting LED me^ri™ rrlo 

a L£ - u meeting tnese requirements in 

admirable manner. 

We have aiso surpnstnglv found that the present tnvention g.ves some control 
or the spectrum of em.tted light, and tmproves the electnca, characteristics of 
•he LED such that light emission starts at a lower voltage. 

In its broadest aspect there is provided accordmg to the present invention a 
l.ght emitting dio de (LED,, compnsing an electrode adapted for electron 
■njecon. a second opposing electrode adapted for hole injection, one or more 
■ntermediate semi-conductor iayers arranged therebetween and optionallv one 
or more further layers wherein the dev.ce comprtses at ieast' one 
restructured feature adapted to manipu,ate spontaneous emission or 
propagation of light. 
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n red feature is suitably' composed as part of an intermediate 
The microstructured teature 

H/or a further laver such as a surtace layer wrucn m , 

,ayeri : r:t"° — - - 11 «* be apparem ihat te 

exampl ebean^ ^ my stag e ,„ the 

manipulation mav tnereior nr0 nerties of lieht 

nation or em,ss,on of hght in order to mod.fy .he proper, - 
emmed such as intensity, polarisation or specrrum. 

„ feature as hereinbefore defined may be of any form 
The m ,crostructur=a fearure ^ ^ ^ 

^edroconrrolem^ e ^ _ 

o microstrucrure whicn is effective m 
spectrum of the emined light. 

u- u rv we have found that the invention provides 
Without being Unnted to this theor^we ^ ^ ^ 

-^^^~ a ^°^ ao : „ .cm substantially 
l5 are met which may be m the form of Bra„. = 

periodic microstrucrure. 

in T FD are increased 
Tte mam advantages of periodic tur . «L 

efficiency, increased bnghmess, mcrease d total . 

•~ of the emrtted radiation ana control ot the spectr 

Ou.ded modes produced by emission from — *■ ^ « 
Bragg scattered by the mrcrosttucture to produce u*« ^ 
, . , n this wav lisht that would othenv.se have been tr pp 



W Bragg sc™ the — ^^1^ 

of the guided modes. The wavevector o trapp d ^ ^ ^ 

30 decreased, allowing these modes to radiate- Howev ^ ^ 

have their wavevector mcreased, thus trapping them » the 
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-u,, .s a su.pns.ng improvement .n'efficencv because, as we have 

1::;;:;:- " m,c " enabies - — » - « 

ue\ ice than u traps. 

5 The emission radiated from planar LED devices is in ^ , 

With ru j j- • unices is in general un-polarised 

Wirh the addition of microstrucrure much nf rh. • , 
thm f Ae emmed radiation results from 

* extracts of wavegu.de modes by th e Bragg scartenne process ™ 

-ttenng process by which they are CQUp , ed ^ use&| - 

0 penod.c restructure can be used to contro, the po,ansat,o„ s.a.e It 
emitted radiation. 

As a ftnhcr resu !t of th e Bragg scattenng process, , ne fcquencv of the 

— crure. Co„se q ue ntl , the specrra, vanat.on of the rad,atd ouj, 2 
— ang,e mav be conned. The ..crossed .a.vers can cons.st o 
m anv reg.ons of d.fferent penodic.ty t0 coup, our ,, h t of dlffercm ^ 

in add. n0 n to the uses of penodic m,crostn,ture mennoned here.nbefore, 
penod,c rn.crosrn.cn.re can be used to modify the namre of the 
™des supported b y .He LED secure. B y controihng the m.crostructure 
■ncorporared , nto the LED suture, ,„ pamcuiar the penodici(y ther=of 

~ Cnjre " " U " '° " — " ^ «*" «*» - the 

LED srrucrure m ay su Pport . nis m mra ^ 

rad.at.on emmed by the LED as follows. 

Period, rn.crostn.cn.re, .n a dd itio „ to proving Bragg scattenng to a„ow the 

blTsZ ~' de modes ' a,so results ,n the an > k ™>°« ^ *°<°™ 

band stn.cn.re supported by lay ered structures [ M. G. S a .t and W. L. Barnes 
Pho.on,c Band Gaps in Guided Mofa of ^ • 
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• • hv noncommunications, (accepted April 
Accepted for publication by Optics Co 

1999).] 

•„c of waveguide modes may be used to produce 

— -r-w — — 

,f t he ve-«or nature of the Bragg scattering process, the 

1 Addm ; nauy ' b ;;:r, zz** » - — — ° n direct,on : f 

the „avegu,de mooe P ^ feand gap tor a 

emitters embedded m the LED struct wavegu ide 

partI cuiar tn-p.ane drrecuo, the emitters are = ^ ^ 

15 modes propagate in that crectto. Co * fc a[ one of the 

of the LED through 

20 Suitah, taUonng of the «^of 

a desired wavegmde mode. Thts . ^ Bragg 

efficiency over and above that due to extern ^ ^ 

scat tenng. The h.gher mode denstty assocate d * uh a ^ 

P «i 0 tr. useful radiation, 

micrcstructure is able to couple to useful 

H efficiency is that there is an associatea 
30 ^ additional benefit of this increased efficient 
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'""ease ,n the decay rate of emission from the emitters „w 
flattened photonic bands. This mav prove ad * *° ** 

rates a™ • h advantageous when high modulation 

-es are teou.red. or em.ners suffering from signif.can, non-radiauve decay are 
.0 „e used. Purther. by preterentia,, enhancing the emiss.on from the I 
• .n.o wavegu.de modes propagating in seiected ,n,,ane directions, add™ ! 
^ovements in the poiarisation P ur„, of the emitted rad.at.on J 
acnteved. over and a.ove that due to e,tract,ng gu.ded modes bv B J 
scattering. - a ^ 

Reference herein to a ,ayer is to a substantia,,* uniform discrete ,aver of a 
™tena, rne prop ert,es of which are su.ted to the tunctton of the iaver 
According,., ,t be appar e„, that tndividua, iavers are 
nature of co„ flg urat,on or component materia,, which mav compris'e one or a 

plurality or chemical entities nresenr ^ ^ „u • , 

present as a physical or chemical mixture The 
electrodes may form an entire laver of the J Fn 

wyer or trie LED or may be present as discrete 
areas wnhin a layer or on the surface of the LED. 

Preferahh, a, ,east one semtconductmg iaver or a component thereof, is 
capable of ,ig„t emiss.on by .uminescence. Preferab, v. the em.ss.ve iaver(s) or 
component thereof are substantiaUy incident w.th the junction o, cotncidence 
of charge carriers. More prefera b,y , he 0 r each semiconducting iaver is 
substantially emissive. 

Reference herein to e,ectrons and ho,es is to negattve and positive charge 
earners respective,, as known in the art. a,so known as negative and positive 

polarons. 



Reference herein to m.crostructure is to a structure having features and/or 
Parties characterised by a small scale, such as microscopic. Features may be 
■n the form of physical structuring, such as corrugation. Properties mav be in 
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10 - • ~ inHpx bv composition 
variations in retractive index d> 

: Z£ - - — - - - — - 

mI cros.mctureisofm,croscopicscale. 

• bstanttallv periodic m.crostructure ,s to microstore at 
Reference here.n to ,ubs»™». P ^ ^ of 

leasl one section o, wh.ch has ^ micr0SIru cture may have 

an d,or propen.es ,o *ve y ^ ^ h jn ^ order of 50 
pmod ,s of m.crosc OP.C sc _ . 6fl0 nm . [n one preferred 

. 2000 nanometers, more prete ^ ^ 

em bodimem the period ts between ,=0 and 

15 . h tha[ an v or all microsinictured layers 

Preferably the microstructure .s so . ^_ ^ comainin g no 

are continuous, that is. do not comprise » ^ ^ ^ 

mat erial or a materia, of appreciably 



structure. 



• oreferablv generally lateral, that is. extends tn 
The mtcrostructure ,s P-t ^ ^ and/or furthe r layers 

substantial parallel plane to the sem ^ ^ 

Th( , microstmcture may De prej= 
an d/or LED structure. The micros ^ ^ ^ ^ QVer 

of lh e denned layers or eiectrodes^ _ ^ ^ 

ode(s) may extend in any lateral 
Th e microstructured ,ayer(s) and/or elec , ^ rf ^ 
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LED structure. 1 1 

A device as hereinbefore defined mav ^ 

The ^restructured layerfs) 1n H 

^restructure on „ ne „ b , " " ^ comprise . 

e or both surraces thereof nr rh« 

'° exKnd « h ™ugho ut Ae devic , prefcr th = ™«osrrucmre may 

em.rety of a t least one of the m , ' m ' Crost ™ture provides the 

-<h,„ the Iayer or of one surface rf ^ m) P"— Phys,ca, manipuIanon 

Prefer, the microsmicmre ^ ^ ^ 

^ Pr ° PerteS ° r ™ as hereinbefore defined. 

In one preferred embodiment rh« • 

s^uctunng ~ ;; r ° S ~ * - form 

t. . Prererably corrugation. PrerVablv th» 

*; f °™ ° f - « ™« -P-anar surfaces or ^ ^S^" " * 
of opposed projecting portions The orn' - ""^ M amy 

«* - .cLiar " * * *** ^ 

- jagged, pointed or the like. 

The array may ai ve for cv^ni 

or surfa^ — — *» of the 
^ (somettmes faown a ^ " **** *= 

^B. a »J^'^^ d 7^ — y , the 

Paring portion is surrounded bv \ ^ ^ *» > 

^ - - • n^directtona, ^ i""**" <— *- 
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the depth between peaks and ™* ^ and , 00 nm . eve, more 

nanometers. More preferab.y .. « 
preferabW- between 10 and r20 nm. 

" the layer The thickness of a 
The corrugauon is preferably in the emtrety oMeJ^ ^ ^ 
semtconductmgiayermanorganrcU. ^ ^ and 

we h ave found that at the prete^ ^ ^ afiecte d. 

em ,ss,on properues of the semtcon^ »» . - ^ ^ ^ „ 

desptte the h.ghratto of —n depth . 

,- Hretracnve index, the portions ot 
Wh ere the mature co^^^ ^ lhe laV er and are in 
tne la yer ,ith modtfied refracts m J ^ acrQSS the layer . 

reform of itnes or areas of modtftd re ^ ^ ^ ^ ^ fey such 

The refracttve index protUe ,n * e J a sinus0 ,dai. square or other 
wa veform of the refracttve index. 

For organic LtiJb electron inje cun a 

inJ ect,on ts su.tabiy compnsec ^ ^ ^ alloy or 

exam pie as known m the art. pre- * - ca)cmm or ^..m- 

5 admixture with suttabie agents. 

, ada pted for hole injection ts suitabiy 
An eiectrode as heretnbefore — ^ ^ ^ example as known m the 
com prised of any suttabfe hoie tn^- ^ 

^ prererabiy comprises any su, tab! m ^ p£D0T , 
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Polyaniiine or like ™j ^ 
"*>e polymer, ct 0 m . , 

A semiconducting iaver . 

3 o rganome(allic) or h ,:;: ™, c 0mpnse an> . orgmic 

COmPn5eS matena, such as ; ma ; em "»— n s m at er ia , 

msquinolare (Ala',) as s ™ll org anic mo | ecu , 

Wl qj ). metal chelates and , he ,, kf , , Sucn a ^| um in, um 

* P-rred em bodlmen , ^ « P°'.vmers or m ^ 

co„ Juga[ed po|ymer for - - a po(ym ^ 

'» ^.v.h« yloxv) . ,. phenv , ene PV v " — -* „ po,w 2 . methoxv 
--ated p 0 | vmers combme « PPV). or polvfluorene. 

'™™ SC e„c eandsinlp(eprocessins ^ "nspo^ proper Wlth s[rong 

- «-"»■ and 0[her J^£7 ^ " ^ 

- *«« ^ t0 [hose sk z::z' c T' ns n *** 

rne sem =conducrmg arr. 

A device as hereinbefore define 

-Pnses a transparent rigid ^ *»* > ^ as „e re i„ b e fore defined 

« e qu , valent suc UPP ° r ' - - *** or glaS s or 

" — cted or on to w„, ch tne ' *'« °" *e device 

and un , forrn , y , hereof ^ **» ,s tr.nsrer.d. ^ ^ 

d <™g the con5[mcnon of A tat support Jayer may ^ 

d ~ « -.red. and mtem ^ - .a y er may be 

, aPP " ed ' * -PPO. Ia .ver to b e use dU " ? ' ^ 

- des.red. Any of these * -s« apphed to etrner outer 

' " ^ te ™"°*™ctured by anv su , abIe 



o O 

, ,f the invention there f as 
ta a further aspect o, the mlcro structure m 

hereinbefore defined. 

. ln a further aspect of the -nventton the ^ surface are3 and 

' here— defined as a h S ht — ^ ^ , smgle contl nuous 

-—"^irdependt.onthes,, and nature thereot. 

de v,ce or a mosaic or de 

, luminescent l 
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ievice or a rm»«~ 

• „pd for display purposes. matches 
PreferabW a device is used to ys such as 

' Pr screws, back lining of Uquid cr. boards in 

~7£L^ - - d ^ yS t I^ s^d electric, .ods 
' he 'l*- small displays such as tor M 
**** ^ ^ wash m. machines and the l*e. ^exible d P ^ 

--^^^ 

(virtual reality) mspi . . and the 

--^aft pilot, road user nre ferabW by means 

^«1p for aircratt areas, preici 

example tm unhung of lar s e 

- r^ssri* — — . b : :::: - . ^ 

20 Xs^hmavbeop.onaiwnash.nsorot 

• edSeCUnlVUShlinS ' 15e5 or is adapted » b e 

■ a , hereinbefore defined comprise 
Pteferabiy a device a ^ ^ lhe rec n 

stated wi* -a 5 «* ^ the nere.nb f ^ 

advanta.es o. consum ption. which 

increased efficiency reduces? 

in battery-powered ecuipmen, 
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' n ^n h e rasp ec tof[heinv . CT[ion - 

o nofadeviceasherembefo J Prcv, ded , method for ^ 

^ by a„ y (ecta , que as known !h ; d a d — ™ y su, t a bly be 

^ a m , crosIracnjrc as h=ranbe ^ *e a ddltlonaI SKp Qf 

' — -» - P—e *. d ev,ce as before ^ ~ «* « *~ 

PreferablV 3 d — « »-, nbef „ re de fined ,s D • 
-cess,, layers , J d <— S or coatmg 

•0 -^-^^^ ^ «" d ~ by themia , 

Preferably an organic ^m,-. ^ 

r = anic semiconducting la ver ^ - 

* - * «-* by means of sp ,; coa ^ as d ;: nbefore d — * <*« » 

^ epitaxial growth. °' dlp - coann g> printing, evaporation 

15 

The miCros ^crure as hereinbefore define 

«** ^ e rab0SSlng , p,:::: h : y be " b - v «**. 

*°^ph, The microstmcffl -roco„ Qct pnnnng Qr ]aser 

™>- mred SUbOTaK « m.crosrrucrured contac, (, g . 

In0neprefOT = d -bo d , mentfeaturesfor 

rr^ , ^ to - B --^«^L ,aser beam Md 

d,reC "- V ° r W—'y onto th e fcatured iay J 3nd ° Pt '™ aI, y , ayers 
^fera b , y , thelayerisexposcdtoa 

° f l2S " • P-^a bIy roo las „ beams Pattem " eaKd * a p, uraIlty 

Preferably, , he layer js 

where appropnatc ^ a)so 



In one 
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...... 

— — ^cnr. — 

•cr Wver to the suDStrate u V 
photoresist \ayer 
tranS parent support to the LED st 

ovtded a method for the operation 
f H,r asoect of the invention there is provi be{ore defined is 
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n umitin. manner with reference to the 
■ nn is now illustrated in non-lirnitm. 
The invention is no 

• .fiaures and examples- 
following figures 

of a solution 

• a and kev results 01 
thp manufacture, testing - described. 

ln the following, the ma micr0 structure u> 

• the :r:r n * - — *r ?r — , 

» * e taU ° 01 : incr eased by a factor of 3 to 4. the ^ ^ 

5,8 " He emtssion) appearing sharper. Also. 
8 charactenst-c em „ obs erva«on. 

wh ich is an extremely s.gn 
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The corrugation of latera y 
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to the interference pattern of two laser beams. The first step was to spin the 
photoresist (Shipley S1805) onto silica substrates to give films Q f thickness 
500nm. The samples were then exposed to the interference pattern of two laser 
beams, generated using an Argon ion laser operating at 457.9 run. Following 
exposure, the samples were developed, exposed to UV radiation (245 nmi. and 
baked in air at up to 240 2 C. The samples of corrugated photores.st were 
characterised by measurements of angle-dependent reflectivity and also by 
atomic force microscopy (AFM). These measurements confirmed the lateral 
period of 400 nm. but showed some sample to sample variation in 2 ratin* 
depth. The peak to trough depth of grating determined by AFM was typically 
80 nm. 



(ii) Polymer LED structure 

The device structure studied is a solution processed single layer polymer 
electroluminescent (EL) device containing the polymer MEH-PPV as the 
emissive layer. The structure is shown in Fig. 1. 

A cross section showing the vertical layer structure of a device is shown in Fig. 
2. Although all of the layers are shown with microstructure. this is dependent 
on the fabrication parameters and not necessary for functioning of the device. 

As the photoresist is insulating, it is necessary to deposit a conducting anode on 
top of the photoresist. Gold has a work function comparable to ITO and has 
previously been used as a hole injecting contact (anode). A useful, i.e. 
relatively low absorption, gold layer should not be thicker than 20 nm and can 
be as thin as 8 nm. A layer of polyethylenedioxythiophene (PEDOT), which is 
a commercially available conductive polymer (Bayer AG, Germany), is 
deposited on top of the gold layer by spin-coating, and then baked for ten hours 
at 50 2 C in vacuo. PEDOT is transparent in the visible and hence has no effect 



Pjrr/GUOO/01748 

WO 00/70691 

18 n e MFH-PPV is then 

m The emissive layer ot MEH f 
nn the emission spectrum. mbar a lhin 

on mc t ; tiApx a vacuum ot 

e in th,s example is shown in F.gures 3a and 3b. 
Th e comp^d dev.ee " ^ ; The gratmg only covers 

^.Sp^^.av.eadd.s- aifcanbe ^ 

one ha,f of the substrate, so that 
compansonoi both emission specrrum and 
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(u« Dev.ee charac.enst.es ^ ^ operaun , at the 

Fi , 4 shows rhe EL spectra rn a -d ^ ^ a ^ 
sam e b.as and current. The pea, (a. 6 ^ ^ of _ 5 tor the 

and rhe tota, area of - ^ " L£D . The peaWs on rhe 

corrugaK d LED «i* -peer ro th e u ^ ^ uncQrrJgated 

• i FD are resolved much more . ives 
comigarea LED demo ns t rares rhat the = - 

,onears broadened. this "= variation or me 

emiss.on appears e and .he 

• , ub strate was measured as t 1S 

uncorrugated substra subsia nual increase m the u„ 

results are shown m figure o, b , ta kin a 

obiained f0 r the corrupted ^ A ^ by a fac ror or 

25 ac eount the device current yteids 



,?.5 for this example 
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■h , scale U is dearly seen that both 
Fi , 6 shows the same 8 raph on a ^ ^ ^ . „n 

^^^^Z^^ «* the in)ec,mg 

eieetrteal process gives nse 
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P~ s of the anode ar „ „ 'cr'o BWm74a 

^ ==esrs the enhanc-m^nr • ■ ' nsranr between 4 

= on scatter , g ou[ wave ^' S '7— , duetotheeffe 

characteristic nf rk e =uide modes. Thp w 

or "S^ involved) and 1S mosf n h ' S ™'S"ifi«n t (due to 
|Q tne dev , ce ™« P^y due IO . mimm ^ 

Surface em m , ng L£Ds 

~e„ t I0 studv [he po|ansar ; ™ ~- !lgh , r„ e results of an 

-°n gpolansatloneffecriso o [ne d , recnon Qf 

- — , uminescence *e c LED. A(i r , es pNks 

— „ [ne |ong wave(e £ Po^ sa[lon dependen ^ 

; b b m ' a,ron - as - d — * *« d ; ,s an «*"■■*«-. 

is actua , |y sca[K ° -- d , Ight em , TOd in ^ p(ane 

. means or . ' » t ne SUDStra[ , ;t also 

° v) Ge "erai remarks 

^ COmj S atio " « c,earlv v, slWe „ . 

- **. ^ re , which ;;; p - throueh 

Thema,nth ~^c tlo „ totnedev , ce 

-e StnJ aurep r e sen[ e din[h , e;(ampi5 
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here h , p-ous, ^2^«^:: z^^^ 

. h ea««S aod ^ * (spike5 ^ ta ^ abo ve 



an0 de surface pro* 
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